ABSTRACT -Background -It is known that obesity is associated with a chronic inflammatory state, but few studies have evaluated visceral fat (VF) content and its role in individuals with Crohn's disease (CD 
INTRODUCTION
The prevalences of obesity and inflammatory bowel diseases (IBD) had a significant increase over the same period worldwide. The World Health Organization (WHO) estimates that approximately 35% of the global population presents overweight and/or obesity (defined as BMI >25 kg/m 2 ) (1) . A systematic review, which enrolled 260 population-based studies, observed an estimated annual incidence of IBD that ranged from 10-30 cases per 100,000 people in the Western world. Moreover, approximately 0.5% of adults in the West suffer from IBD (2) . Contrary to what one should expect, 15%-40% of the individuals with IBD also present with obesity, and it is uncertain whether it might contribute to the development and evolution of IBD (3) . Many IBD cohorts and adult populations showed that the prevalence of overweight/obese IBD patients is similar to the general population (20%-30%) (4) (5) (6) . There are plenty of explanations regarding a possible link between IBD and obesity increased rates, such as gut microbiome alterations, changes in food intake behavior, increased consumption of industrialized food, animal fat/protein (western diet) and decreased dietary fiber intake, as well a reduction in physical exercice and increase in sedentarism.
A study in Crohn's disease (CD) conducted between 1991 and 2008 observed a significant increase in the BMI of the affected individuals, from 20.8 kg/m 2 in 1992 to 27.0 Kg/m 2 in 2001, probably after the era of biological therapy (6) . Antitumor necrosis factor (anti-TNF) agents are effective drugs for inducing and maintaining remission in IBD and its use may be associated with weight gain (7) . The interplay between obesity and IBD is complex and poorly understood. Several factors have been enrolled in the potentially common pathophysiological pathways which might link both conditions. The disproportional accumulation of visceral fat (VF) and impaired release of adipokines, such as adiponectin, disturbances in the gut microbiome, increased levels of lipopolysaccharides (8) and chronic inflammation have been enrolled as possible interconnecting links (9) . VF may play an important role in the initiation and chronic intensification of the inflammatory process in CD. Research on this topic may help to provide further insights in regards to this complex relationship.
In this scenario, the aim of the present study was to compare the nutritional status, body composition and the proportion of VF among CD patients and healthy controls.
METHODS

Study design and patient population
This was a cross-sectional single-center study, performed in individuals with previously diagnosed CD and healthy controls.
Between March and December 2015, at the IBD outpatient clinics of Campinas State University (Unicamp, Campinas Brazil), 78 consecutive individuals were studied. From those, 50 were patients with an established diagnosis of CD and 28 were healthy controls. The diagnosis of CD was confirmed by means of clinical, endoscopic, and histological standard criteria. During routine visits to our clinics, patients who agreed in participating in the study signed up an informed consent form. The control group was recruited among healthy volunteers who worked or studied at the University.
Definitions and measurements
Disease activity in CD patients was assessed by the Crohn's disease activity index (CDAI) (10) . A score under 150 was considered as inactive disease (clinical remission), while a CDAI score above 150 was considered as active disease.
Patients had their anthropometric and body composition measurements collected during routine consultations in the IBD outpatient clinics. Height was determined using a stadiometer with a length of 220 cm and subdivided into 0.1 cm segments. Weight was measured on an electronic digital scale, with a maximum capacity of 150 kg and a sensitivity of 50 grams, with the subject wearing light clothing and no shoes. Body mass index (BMI) was calculated as weight (in kilograms) divided by the square of height (in meters) (Kg/m 2 ). Nutritional status was subdivided in underweight (BMI <18.5Kg/m 2 ), normal weight (BMI 18.5-24.9Kg/m 2 ) and overweight/obesity (BMI >25.0 Kg/m 2 ) (1) . The measurement of the waist circumference was performed from the midpoint between the top of the iliac crest and the lower margin of the last palpable rib in the mid axillary line. Cut-off points relative to normal waist circumference used were <102cm for men and <88cm for women (11) . Body composition was assessed using whole body Dual Energy X-Ray Absorptiometry (DEXA; DPX Bravo e Duo GE ® , USA). The subjects were placed in a supine position with their arms at the side of their body. Encore software was used to estimate fat and lean masses (% and Kg) and VF (Kg). To estimate the VF proportion, we calculated the ratio of VF per BMI (VF/BMI, expressed in grams of fat per BMI) and the ratio of VF per percentage body fat (%BF) (VF/%BF, expressed in grams of fat per percentage point of BF).
C-reactive protein (CRP) levels were also determined in all subjects, using ELISA Kit (R&D Systems Inc., Minneapolis, MN).
Statistical analysis
Statistical analyses were used according to SSPS v.16.0 software (IBM Inc., Armonk, NY, USA).The results were expressed as means ± standard deviation (mean ± SD) for continuous variables and as frequency for categorical variables. To compare the results obtained in two groups, Mann-Whitney test was used. For comparisons between three groups, ANOVA analysis was used for parametric variables and the Kruskal-Wallis test was used for non-parametric variables. To correlate BMI and VF with other variables, the Spearman correlation tests were used. The Spearman tests generate coefficients that vary from -1 to 1, and values next to the edges signal negative or positive correlations, respectively. Statistical significance was assumed if P<0.05 in all statistical tests.
Ethical aspects
The protocol was approved by the Institutional Ethics Review Board at Campinas State University (Unicamp), in Campinas, Brazil, under reference number 850.517/2014.
RESULTS
Baseline characteristics
A total of 78 individuals composed our study sample (50 in the CD group and 28 as healthy controls). The baseline characteristics of the CD patients, based on the nutrition status, are detailed in TABLE 1, according to the Montreal classification (12) . All patients with CD had their disease characteristics assessed. All subjects included in the study were non-smokers. CD patients were sublocated in diffrerent subgroups according to their nutritional status, based on the BMI.
Underweight CD subgroup
The underweight subgroup consisted of 7 men and 4 women, with a mean age of 30.4±14.3 years and a mean BMI of 18.20±1.97 Kg/m 2 . Age at diagnosis ≤16 years (A1) and between 17 and 40 years (A2) were more prevalent, and 54.4% had colonic CD (L2); most patients had stricturing phenotype (B2) and perianal disease was present in 36.6%. From those, 7 of 11 patients had been treated with anti tumor necrosis factor alpha (TNF-α) antibody therapy (5 with infliximab, in use for 2.80±2.49 years; 2 with adalimumab, in use by 1.5±0.70 years) or an immunomodulator (6 of 11 patients, in use by 1.83±2.04 years).
Normal weight CD subgroup
The normal weight subgroup consisted of 10 men and 8 women, with a mean age of 39.5±11.26 years and a mean BMI of 22.43±1.48 Kg/m 2 . Age at diagnosis between 17 and 40 years (A2) was more prevalent and 50.0% had a ileal CD (L1); 44.4% had inflammatory or luminal CD phenotype (B1) and perianal disease was present in 38.8%. In this group, 11 of 18 patients had been treated with anti TNF-α antibody therapy (9 with infliximab, in use by 3.44±2.87 years; 2 with adalimumab, in use by 3.5±2.12 years) or an immunomodulator (10 of 18 patients, in use by 4.45±3.07 years).
Overweight/obesity CD subgroup
The overweight/obesity group consisted of 10 men and 11 women, with a mean age of 47 Overall, in the CD group, 64% were using anti TNF-α antibody therapy. There was no difference between the use of anti TNF-α between the 3 different BMI subgroups (P=0.093).
Control group
The control group was comprised of 11 men and 17 women, aged 33.18±8.62 years, with a mean BMI of 23.9±3.3 kg/m 2 [underweight, n=2 (7.1%); normal weight, n=16 (57.14%); overweight/ obesity, n=10 (35.7%)] and no comorbidities.
Body compositon
The body composition and proportion of VF among different subgroups are described in detail in TABLE 2. There was no difference between the subgroups in regards to BMI (P=0.65). There was also no difference between subgroups in waist circumference and gender (P=0.69 for men; P=0.16 for women). There was no difference in body fat percentage between the subgroups. However, VF content was higher in the CD main group overall (P=0.004) as well as all visceral fat percentiles (FIGURE 1). As significant results, VF/BMI and VF/BF% relations were also greater in the CD main group (P=0.018; P=0.002, respectively) as compared to controls. The VF/BMI relation, in the CD main group, was 12.4±5.20 grams higher by BMI point as compared to healthy controls. Likewise, the VF/BF% relation, in the CD group, was 19.61±4.76 grams higher by body fat percentual point as compared to controls. Moreover, CRP was also higher in the CD group (P=0.011), as expected. 
FIGURE 1. Visceral fat percentiles (grams) among groups.
In regards to BMI and CRP in CD main group (FIGURE 2), there was a significant correlation (P=0.049), but the correlation coefficient was not expressive (CC=-0.280). Moreover, BMI had significant correlations with waist circumference, VF, body fat percentage and age in the CD group (all comparisons with P<0.001) (FIGURES 3, 4, 5 and 6 ). In the control group, BMI had no significant correlation with CRP (P=0.058) (FIGURE 7), as body fat percentage and age (P=0.073; P=0.51, respectively) (FIGURES 8 and 9). BMI had significant correlations with waist circumference and visceral fat (P<0.001; P<0.001, respectively) (FIGURES 10 and 11). Sedentarism was identified in 72.0% of the CD patients as compared to 53.6% in healthy group (P=0.003). of the low number of obese patients in our sample (n=8). There was no correlation between obesity and disease duration or anti TNF-α antibody therapy use. Obesity was associated only with age, demonstrating that the older the individual is, the higher is the probability of presenting obesity.
In the present study, CD patients from the underweight subgroup had stricturing CD as the most prevalent phenotype and 44.5% had active disease. In a prospective cohort study (EPIC cohort) of European adults, BMI was not associated with a specific phenotype of disease behaviour or disease location (13) as in the our study. This could be explained by the chronic status of CD in patients with stenosis as compared to luminal disease, what could explain the low BMI in this specific phenotype of patients. Diet and environmental factors could also explain the differences between patients from our study as compared to Europeans.
In healthy controls, the body fat percentage was not correlated with the BMI because the fat distribution tended to be more homogeneous in this group. This characteristic is also pointed as a flaw of the use of BMI to assess nutritional status in the general population, since it did not identify the differences in visceral and non-visceral fat. Thus, in clinical chronic conditions such as CD, differences in VF could be more clear than a simple weight measurement to state the association between obesity and CD.
Regarding the main results of our study, VF was higher in CD patients, as compared to controls. This finding may be associated with the maintenance of the inflammatory process in CD, since it is known that the increase in VF may be associated with an overexpression of pro-inflammatory adipokines, mainly TNF-α and interleukin-6 (IL-6) and (IL-1β) (14) . It is known that TNF-α expression is higher in VF tissue as compared to subcutaneous fat (15) . The IL-6 release by omental adipose tissue is increased as compared to subcutaneous fat, and this could explain the basal inflammatory status in obese patients (16) . VF is more sensitive to lipolysis stimulation (14) . Thus, it plays an important role in the inflammatory process in CD.
In our study, VF was higher in CD patients in all subgroups. This was also observed in VF/BMI and VF/BF% relationships. These findings signal the possibility that the BMI presents a more meaningful interpretation among individuals with CD, since it may be a reliable predictor of the presence of both obesity and increased VF content. This assumes a critical importance, as BMI is calculated through simple and promptly available anthropometric variables and indicates that it may be used in large-scale assessment of VF within this specific group of individuals.
Our study had some limitations that must be carefully interpreted during the results' analysis. The main consideration is its cross-sectional design, which avoids the complete determination of cause-effect relationships. Nonetheless, the significant associations observed present clinical and even population implications for wider application during daily practice in the IBD management, and even for planning public health interventions.
CONCLUSION
In summary, our study demonstrated that fat distribution in the CD patients was disproportional when compared to healthy controls. In CD patients, the BMI presents a direct correlation with the VF content. These results indicate the possible presence of an adiposopathy in CD subjects, which is evidenced by a higher VF tissue volume. 
DISCUSSION
The relation of obesity and CD can be linked to fat tissue. Initiation of the inflammatory proccess in CD is usually triggered in the mesenteric fat, and other possible explanations for the increase in the rates of obesity and CD in parallel are still poorly understood. Several nutritional measurements could be used to study the possible relations between these two conditions, and few studies aimed to evaluate this relation. VF is a measurement that was rarely studied in this field. The results of our study indicate that VF can be higher in CD patients as compared to healthy controls, regardless of the nutritional status.
The prevalence of overweight/obesity in the CD main group was 42%. Both these nutritional statuses were merged because
